We previously reported that intestinal apo B40 synthesis in the rat was unaltered by dietary triglyceride intake but demonstrated regulation in response to biliary lipid availability. Stud 
Introduction
Apolipoprotein (apo) B is a large, hydrophobic protein synthesized in mammalian liver and intestine. Although details ofits intracellular assembly and lipid association are unclear, apo B is an integral component oftriglyceride-rich lipoproteins (chylomicrons and VLDL) and LDL (reviewed in reference 1).
Two major species exist in humans: apo B100 (M, -500 kD), which is synthesized in the liver and is the principal protein constituent of LDL, and apo B48 (Mr -230 kD), which is synthesized by small intestinal mucosa and secreted as a component ofchylomicrons and VLDL (2) . Unlike the situation in humans, both molecular forms of apo B are synthesized and secreted by rat hepatocytes (3) . Rat enterocytes, by contrast, synthesize and contain only apo B48 (4, 5) .
Over the last two years a number of groups have isolated complementary DNA (cDNA) clones encoding different regions of both rat and human apo B,00 (6) (7) (8) (9) (10) (11) (12) . A dominant 15 kb mRNA species has been identified in both intestine and liver using cDNA probes encoding either amino-or carboxyl-terminal domains (8, 10, 12, 13) . Recently, independent studies by Powell et al. (13) and Chen et al. (14) indicate that apo B48 in human and rabbit intestine represents the NH2 terminal 2152 amino acids ofapo Bloo and arises by a novel coor posttranscriptional nucleotide modification that produces a stop codon in apo B,00 mRNA.
There is little direct information about the mechanism(s) of regulation of apo B gene expression. Evidence based on a number of well characterized human genetic syndromes sug- gests that apo B,00 and apo B48 may be independently and somewhat variably expressed in liver and intestine of human subjects (15) (16) (17) . These rare genetic syndromes are accompanied by varying degrees of failure of secretion of triglyceriderich lipoproteins from enterocytes and hepatocytes (15) (16) (17) , suggesting that apo B gene expression may be critical to the process of assembly and secretion of these lipoprotein classes. Additionally, developmental changes have been described in the ratios of apo B,00 and apo B48 synthesized by human fetal small intestine (18) and in a number of embryonic and developing rat tissues (19) . The relative roles played by dietary and hormonal factors in regulating apo B gene expression have as yet been poorly defined. We recently demonstrated that rat intestinal apo B48 synthesis was not regulated by acute triglyceride flux, but appeared to be sensitive to aspects of biliary lipid flux (4) . We now report studies that further characterize the regulation of intestinal apo B gene expression by different elements of biliary lipid flux.
for [26] [27] [28] [29] [30] h. This time point has been previously demonstrated (4) to produce a nadir of jejunal apo B48 synthesis following external bile diversion. The duodenal infusate was changed, according to the experimental protocols detailed below, so that animals received the specific test infusate at 2.4 ml/h for the last 16-18 h ofbile diversion. The total elapsed time in every case was [44] [45] [46] [47] [48] h following initial surgery. Sham operated controls underwent laparotomy and exposure but not cannulation of the bile duct. These animals were similarly restrained and infused with DIO-saline for 48 h.
Determination ofintestinal apo B48 synthesis rate. After the respective manipulations (detailed in the legends to figures) animals were anesthetized with sodium pentobarbital and 10 cm loops ofjejunum (proximal portion 5 cm from ligament of Treitz) and ileum (distal portion 5 cm proximal to ileocecal valve) were pulse-labeled with L-[4,5-3H]leucine (> 120 Ci/mmol; Amersham Corp., Arlington Heights, IL) for 9 min. This time point effectively precludes any apparent hepatic contribution to newly synthesized intestinal apo B4" (4) .
After exsanguination, the loops were removed and enterocytes isolated using citrate-EDTA chelation (4) . Enterocyte isolation buffers contained, sequentially 20, 10, and 5 mM leucine as detailed (4) to prevent isotope reutilization. The final cell pellet was homogenized on ice in PBS-l% Triton-2 mM leucine-l mM PMSF-I mM benzamidine, pH 7.4, and a 105,000gsupernatant prepared. These conditions have been previously shown to optimize apo B recovery from intestinal cells (4) . Aliquots of homogenate were saved for measurement of total protein concentration (20) and TCA-insoluble radioactivity. Aliquots of cytosolic supernatant were reacted with excess apo B antiserum and the immune complex precipitated by addition of washed Staphylococcus aureus cells. After extensive washing, the immune complex was characterized by SDS-PAGE and radioactivity incorporated into apo B48 determined by liquid scintillation spectrometry. Characterization of antiserum specificity and parameters for determining antiserum excess stoichiometry have been previously provided (4) . Apo B48 synthesis rates are expressed as a fraction of total protein synthesis (4) . Each value represents the mean of two to four separate assays corrected for nonspecific and background radioactivity. Quantitation of apo B4, synthesis as a relative rate assumes that the proportion of leucine residues represented in the apo B peptide remains constant and that leucine uptake and incorporation into total cellular protein is comparable between the different treatment groups. Incorporation of [3H]leucine into cellular protein was compared among 15 experimental groups reported below (n = 68 for jejunum, n = 61 for ileum). Comparisons were made to simultaneously studied animals with bile fistula alone and sham-operated controls, both groups being infused with D1O-saline for 48 h. Animals receiving 5 mM Na tauroursodeoxycholic acid (NaTUDCA)' were noted to have higher incorporation of [3H]leucine into cellular protein in ileal enterocytes (2.76±0.74 cpm/ng, n = 5) than either bile diverted animals (1.76±0.67 cpm/ng, n = 8, P = 0.046) or sham-operated controls (1.06±0.033 cpm/ng, n = 3, P = 0.0053). This treatment group aside, there were no differences in the incorporation of [3H]leucine into cellular protein among the groups studied when compared to both matched control groups cited above (data not shown). Thus, the changes reported in apo B4s synthesis rates (below) reflect a real change in apolipoprotein synthesis rate and not an apparent difference in the face of altered total cellular protein synthesis.
RNA extraction and analysis. Total cellular RNA was extracted from the proximal (jejunum) and distal (ileum) one-third of the small intestine using 8 M guanidine-HCI as described by Gordon et al. (21) . Yields of total cellular RNA averaged 3-6 mg/g wet weight mucosa. Hepatic RNA was similarly extracted, with comparable yield. All preparations of RNA were determined to be intact following analytical 1. Abbreviations used in this paper: CMC, critical micellar concentration; FA, fatty acid; PC, phosphatidylcholine; SSC, 0.15 M NaCI/0.015 M Na citrate, pH 7; TG, triglyceride; NaTUDCA, Na tauroursodeoxycholic acid. methylmercury agarose gel electrophoresis (22) , (data not shown). Isolation of total cellular RNA using guanidine isothiocyanate-CsCl2 centrifugation (23) resulted in lower yields but similar patterns of apo B mRNA following Northern transfer (see below).
For quantitation of apo B mRNA abundance serially diluted aliquots of total cellular RNA (0.5-3.0 4g) were applied to nitrocellulose filters using a commercial template as previously described (19 Only signals in the linear range of film sensitivity were used ( 19) . Northern blots of total intestinal and hepatic RNA were prepared as described (25) following fractionation through 6% formaldehyde/ 0.75% agarose gels. These blots were hybridized as described above with both the apo B cDNA and subsequently with a Bal/Pst I restriction fragment of pAIV303 DNA that encodes 1250 nucleotides of rat apo AIV mRNA (26) . Northern blots were also hybridized to a cDNA for rat fibronectin (XRLF-1 from Dr. R. Hynes, Massachusetts Institute of Technology, Boston, MA) as described (27) .
Intestinal microsome preparation and lipid analysis. After exsanguination, the intestine was removed, incised longitudinally and the mucosa flushed extensively with ice-cold 0.9% NaCl-2% Triton as described (28). The mucosa was then scraped and portions homogenized directly (Polytron setting 5 for 30 s) in 0.9% NaCl-5 mM EDTA. These homogenates were frozen at -80°C until used for lipid extraction. Other portions were suspended in 5 vol of medium I (0.25 M sucrose-10 mM Tris-l mM EDTA, pH 7.4) and homogenized on ice by 8-10 strokes of a loose fitting Teflon-glass homogenizer. The homogenate was centrifuged at 2,000 g for 10 min and the resulting supernatant centrifuged at 25,000 g for 10 min, both at 4°C. This supernatant was centrifuged at 100,000 gfor 60 min at 4°and the pellet suspended in I ml 0.5 M KCI-0.25 M sucrose. After centrifugation at 100,000 g the final, washed microsome pellet was resuspended in 2 ml medium I, aliquoted, and frozen at -80°C.
Aliquots of total mucosal homogenate and microsome fractions were submitted to lipid extraction according to the method ofFolch et al. (29) . Total lipid classes were separated by TLC using silica gel G in a solvent ofpetroleum ether/ethyl ether/glacial acetic acid (80:20:1; vol/ vol/vol). Samples were identified by comparison to standards, scraped into Teflon-lined screw-capped tubes and transmethylated directly using 14% BF3-methanol (30) , following addition of heptadecanoic acid as an internal standard. The derivitized fatty acids were assayed using a gas liquid chromatograph (model 8410; Perkin-Elmer, Norwalk, CT) equipped with a 6 ft X 2 mm i.d. column packed with 10% SP-2330 on 100/120 mesh chromasorb (Supelco, Inc., Bellefonte, PA). purchased from Nu-Chek-Prep. Oleic acid was purchased from Sigma Chemical Co., St. Louis, MO. Liposomes containing PC and cholesterol in a 3:1 molar ratio were prepared as described (32) but with the following modifications. Stock solutions of PC in hexane were evaporated under N2 and subsequently Iyophilized for 30 min under vacuum. Cholesterol was added, the mixture suspended in 10 ml D10-saline at 40C and then sonicated under N2 at 50 W for ten 3-min bursts.
The mixture was kept on ice throughout the procedure and the volume adjusted to give a final PC concentration of 2 mM, a value representative of biliary PC concentrations in the rat (33) . The infusate was observed to be clear in every case and was used within I h of preparation. Mass determination of lipid phosphorus (31) indicated that typically > 90% of expected PC was recovered. TLC using silica G in a solvent system of chloroform/methanol/glacial acetic acid/water (50:30:8:6; vol/vol/vol/vol) indicated that > 96% of the phospholipid phosphorus was accounted for by phosphatidylcholine both pre-and postsonication, suggesting that no substantial breakdown had taken place. In some experiments, where indicated, L-a-dioleoyl [dioleoyl-l-'4C]phosphatidylcholine (New England Nuclear, Boston, MA) was added to the infusate. This material was observed to be > 98% pure by TLC. Infusions of bile salts were adjusted to pH 7.0 using 0.1 M NaOH. Infusions of fatty acid were prepared using the method of
Gebhard (32) Miscellaneous assays. Lumenal contents and mucosal scrapings were assayed for bile salt concentration using an enzymatic method (34) . Protein determinations (20) used bovine serum albumin as a standard.
Statistics. Statistical comparisons were made using independent t tests and employed both methods for pooled and separate variance where appropriate. Data, unless otherwise stated, are expressed as mean±SD.
Results
Intestinal apo B48 synthesis Regulation by bile saltflux. In previous studies (4) we demonstrated that a 14-h infusion of 10 mM Na taurocholate resulted in complete reexpression ofjejunal apo B48 synthesis following 30 h of bile diversion. As shown in Fig. 1 , this study shows that this effect is produced by infusion of 5 mM but not 2 mM Na taurocholate suggesting that concentrations close to the critical micellar concentration (CMC) may be required. The effects of equimolar (5 mM) infusion of four different taurine conjugated bile salts upon intestinal apo B48 synthesis are documented in Fig. 2 . Two major observations were made. First, structurally distinct bile salts had different effects on reexpression ofjejunal apo B48 synthesis following bile diversion (Fig. 2  A) . 5 mM Na taurodeoxycholate produced the greatest apparent stimulation while 5 mM NaTUDCA had no apparent effect (bile diverted 0.47±0.12%, n = 10, NaTUDCA 0.46±0.10%, n = 5). Further studies using 10 mM NaTUDCA revealed complete reexpression of jejunal apo B48 synthesis (0.87±0.03%, n = 4) with no further increase in two animals studied following 15 mM NaTUDCA infusion (0.79% and 0.68% Intestinal apo B48 synthesis Regulation by lumenal lipid uptake. To pursue the mechanism of bile salt-mediated reexpression ofjejunal apo B48 synthesis, we tested the hypothesis that reexpression was related to facilitated uptake of critical lumenal lipid components, potentially fatty acid or sterol. The role of fatty acid uptake was studied directly in experiments described in the legend to Fig. 3 . Animals infused with a micellar mixture of 2 mM Na taurocholate/2 mM oleic acid/2 mM monoolein were noted to have complete reexpression of apo B48 synthesis in both jejunum (Fig. 3 A) and ileum (Fig. 3 B) . By contrast, 2 mM Na taurocholate alone was ineffective in mediating reexpression ofjejunal apo B48 synthesis (Fig. 3 A) , while 5 mM Na taurocholate failed to alter ileal apo B48 synthesis.
To demonstrate conclusively that fatty acid uptake per se was responsible for the observed effect, animals were infused with 2 mM oleic acid (as the sodium "soap," see Methods) for 16-18 h and apo B48 synthesis rates determined to be reexpressed to 85±17% control levels in jejunal enterocytes (Fig. 3  A) . Ileal apo B48 synthesis rates, however, were incompletely restored (FA infused 0.42±0.11 (n = 4) versus sham 0.61±0.15, n = 8, P < 0.05). This may reflect differences in lumenal fatty acid concentration in the distal small intestine, although this was not specifically investigated. Additional studies demonstrated that 1 mM oleic acid was equally effective in reexpressing jejunal apo B48 synthesis (84±13% control levels, n = 4, P > 0.05). The distribution of 1-[14C]oleic acid into mucosal lipid subclasses was found to be predominantly (> 80%) as complex lipid (phospholipid, cholesteryl ester, triglyceride) with only 16.5±2.5% of the counts remaining as free fatty acid.
The role of sterol uptake was investigated in one experiment where 5 bile diverted rats were infused with 0.25 mM 25-OH cholesterol in 0.5% ethanol-10% dextrose-saline. This concentration has previously been shown (32) to suppress in vivo intestinal cholesterol synthesis in dogs. Apo B48 synthesis rates (jejunum 0.58±0.08%; ileum 0.35±0.15%) were no different than bile diverted animals receiving D1O saline alone (jejunum 0.47±0.12, n = 10; ileum 0.22±0.1 1, n = 10). This Fig. 4 . Animals infused with PC-cholesterol liposomes (2 mM PC: 0.625 mM cholesterol) were found to have a further 50% suppression of apo B48 synthesis rates in jejunal enterocytes below those found in bile diverted animals (Fig. 4 A, 0 .23±0.08 (n = 4) versus 0.47±0.12 (n = 10), P < 0.005). These same animals, by contrast, were found to have an almost sixfold elevation in ileal apo B48 synthesis rates (Fig. 4 B) The relationship of these events to the regulation of intestinal apo B48 synthesis was explored in further studies in which 2 mM PC-0.625 mM cholesterol was infused as a mixed micellar solution with 2 mM Na taurocholate. As demonstrated per group) were subjected to external bile diversion as described above (Methods and legend to Fig. 1 ). The infusate was changed for the last 18 h of study to contain a liposomal suspension of lecithin-cholesterol (3:1 molar ratio) prepared as described in Methods. Alternatively, animals were infused with a micellar mixture of lecithin-cholesterol-Na taurocholate (2:0.625: 2 mM, respectively) using either natural L phosphatidylcholine (LEC-CH-NaTc) or a synthetic preparation of L-3 phosphatidylcholine dipalmitoyl ether (LEC/ ETHER-CH-NaTc). Other animals were infused with 2 mM lysolecithin-2 mM Na taurocholate (LYSO-NaTc). Apo B4s synthesis rates were determined in jejunal (A) and ileal (B) enterocytes and the data illustrated as mean±standard error. **Indicates significantly different to bile diversion alone (BD), P < 0.005. ***Indicates significantly different to sham, P < 0.001. ' Indicates significantly different to sham, P < 0.005.
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).2-in Fig. 4 A, apo B48 synthesis was completely reexpressed in jejunal enterocytes. This suggests that hydrolysis of lumenal PC in the proximal jejunum is facilitated by the presence ofthe bile salts and may be critical to the phospholipid-mediated reexpression ofjejunal apo B48 synthesis. Additionally, apo B48 synthesis was reexpressed to control levels in ileal enterocytes by this maneuver (Fig. 4 B) . To further emphasize a possible role for lumenal phospholipid metabolism in the regulation of intestinal apo B48 synthesis, animals infused with 2 mM lysolecithin-2 mM Na taurocholate were found to have complete (97% control) reexpression of apo B4s synthesis in both jejunum and ileum (Fig. 4, A and B) . Animals infused with 2 mM lysolecithin alone had comparable reexpression ofjejunal apo B48 synthesis (85±24% control, n = 4, P > 0.05). As a final control, animals infused with a micellar mixture of 2 mM PC-ether-0.625 mM cholesterol-2 mM Na taurocholate were found to have values for apo BR synthesis in both jejunal and ileal enterocytes no different than bile diverted animals (Fig. 4,  A and B) . In this experiment, the inability to hydrolyze lecithin-ether and the subsequent failure to generate lysophospholipid and fatty acid prevented reexpression of intestinal apo B48 synthesis. Taken together, the evidence strongly suggests a physiologic role for lumenal phospholipid metabolism in the regulation of intestinal apo B48 synthesis.
Jejunal apo B48 reexpression in bike diverted animals Relationship to parameters of mucosal lipid content. To explore the mechanism(s) by which bile salt, fatty acid, and phospholipid infusion mediate the reexpression ofjejunal apo B48 synthesis, bile-diverted animals were infused with these separate preparations as described above. Total mucosal and microsome samples were prepared from each animal in addition to measurement of in vivo apo B48 synthesis rates. Values for microsome lipid content are presented in Table I which demonstrates a significant and uniform increase in triglyceride fatty acid content following infusion of 5 mM Na taurocholate (apo B48 synthesis 93±32% control), 2 mM lysophospholipid (apo B48 synthesis 85±24% control) and 1 mM fatty acid (apo B48 synthesis 84±13% control) compared to bile diversion alone (apo B48 synthesis 53±3% control). When all the groups alone, 2 mM lysolecithin (Lyso) alone or 1 mM oleic acid (FA) alone as described in Methods. Microsomes were prepared as described and triglyceride and free fatty acid mass determined by GLC. Phospholipid was assayed as lipid phosphorus. Data are mean±SD for (n) animals. Differences were determined by independent t test comparison to bile-diverted animals.
* P < 0.05, * P < 0.02.
were compared, microsome triglyceride content was found to be significantly correlated (r = 0.65, P < 0.005) with jejunal apo B," synthesis ( Fig. 5) . There was no increase in microsome free-fatty acid or phospholipid content in the setting ofjejunal apo B48 synthesis reexpression (Table I) . Mucosal free fatty acid concentrations were lower in both sham operated (161±82 jg/mg) and fatty acid infused (143±50 jg/mg) animals compared to bile diverted animals (337±125 jg/mg, P < 0.05). No significant changes were found in the bile salt and lysolecithin infused animals (461±218 and 220±103 jig/mg, respectively). Total mucosal triglyceride fatty acid content was decreased in bile diverted animals (28±13 ug/mg protein) compared to shams (1 10±40 jig/mg, P < 0.01) and animals infused with 5 mM Na taurocholate (166±1 10 jg/mg, P < 0.05) but no increase was found in the other two groups and no significant correlation was found overall with apo B48 synthesis (r = 0.22, P > 0.05, NS). The evidence (from Fig. 5 ) suggests that microsome triglyceride content may be an important determinant of intestinal apo B48 synthesis rates in animals subjected to depletion of lumenal (dietary and biliary) lipid substrate. It should be stressed, however, that we had previously found no regulation of intestinal apo B48 synthesis rates in animals (with intact biliary anatomy) subjected to either acute (4) or sustained (36) intake of triglyceride. When groups of 48-h fasted, chow-fed rats were challenged with either 1 g dextrose or 1 g fat, the latter group demonstrated a 16-fold increase in mucosal triglyceride content (110±40 jig/mg, n = 4 versus 1,803±876 jig/mg, n = 4) and a more modest increase in microsome triglyceride content (382±192 ,jg/mg versus 561±43 jig/mg). Apo B48 synthesis rates were strictly comparable (1.35±0.35% versus 1.43±0.24%). These data suggest that there may be a threshold level of microsomal triglyceride accumulation in animals with an intact enterohepatic circulation, which may maintain intestinal apo B48 synthesis rates at levels sufficient to accommodate chylomicron assembly and secretion during periods of augmented mucosal triglyceride flux. Intestinal apo B48 synthesis Relationship ofin vivo synthesis rates to the abundance ofapo B mRNA. RNA blot hybridization analysis of total cellular RNA prepared from the jejunum and ileum of bile diverted and sham operated animals revealed similar patterns of apo B mRNA abundance (Table II) . Furthermore, bile diverted animals infused with lecithin-cholesterol liposomes for 18 h before study also demonstrated comparable values for total apo B mRNA abundance to bile diverted or sham operated controls (Table II) . Thus, over a wide range of intestinal apo B48 synthesis rates, mRNA abundance for apo B was unchanged. Analysis (26) , in both bile-diverted and sham-operated animals (Fig. 6 B) , while hepatic RNA demonstrated a single band following hybridization to fibronectin cDNA (Fig. 6 D) .
Discussion
These studies were undertaken to examine the restoration of intestinal apo B48 synthesis by elements of biliary lipid flux. Such a role had been postulated in a previous report (4) in which reexpression ofintestinal apo B48 synthesis was observed in a regional and time-dependent manner following infusion of 10 mM Na taurocholate into bile diverted rats. It was established in these and more recent (36) studies that jejunal apo B48 synthesis rates were unchanged from fasting levels by either acute or sustained augmentation of triglyceride intake. Thus, the hypothesis has emerged that jejunal apo B48 gene expression in the fasting adult rat may represent its fully induced state. Additionally, recent evidence that intestinal apo B mRNA abundance changes during development in the rat (19) , provided further impetus to examine the role of lumenal lipid components in mediating these effects. The bile-salt mediated reexpression of intestinal apo B48 synthesis demonstrated both dose and structural dependency in addition to regional specificity. Potential mechanisms of action in mediating reexpression of jejunal apo B48 synthesis include a direct effect of bile salt uptake per se or an effect mediated by facilitated uptake of other lumenal lipid components. Evidence against the former hypothesis is provided by the finding of similar bile salt concentrations in both jejunal and ileal enterocytes while apo B48 synthesis rates were restored in only the proximal small intestine.
Evidence from studies presented above suggests that lumenal fatty acid uptake is a key regulatory event in mediating reexpression of intestinal apo B48 synthesis. The apparent relationship between lumenal fatty acid uptake and bile-salt dependent reexpression ofjejunal apo B48 synthesis may reflect a number of mechanisms. First, it could be related to facilitated lumenal hydrolysis of membrane phospholipid (37) . In this regard, the greater efficacy with which the more hydrophobic bile salts (38) mediated the restoration ofjejunal apo B48 synthesis may relate to their demonstrated ability to promote adsorption of phospholipase A2 to its substrate (membrane phospholipid) (37) . A second possibility is that intestinal bile salt uptake influences the turnover of membrane phospholipidsparticularly phosphatidylinositol-resulting in diacylglycerol production and subsequent reexpression of apo B48 synthesis (39, 40 ). An observation of key importance in regard to the possible mechanism of apo B48 synthesis restoration by either fatty acid or bile salt infusion is the parallel reaccumulation of microsome triglyceride (Fig. 5) . It may be speculated that in both situations, fatty acid may be preferentially diverted into triglyceride which, at low levels of production, would undergo rapid turnover and secretion into mesenteric lymph (41, 42). It bears emphasis in this regard that plasma free fatty acids, which may be an important substrate for enterocytes in the absence of lumenal lipid (43) may play a role in the bile saltdependent reexpression of apo B48 synthesis. The present studies do not exclude such a possibility.
The data suggest an important role for lumenal phospholipid flux in mediating the restoration of both jejunal and ileal apo B48 synthesis. Several aspects of these studies deserve additional comment. First, lecithin-cholesterol liposomes were prepared at concentrations equal to those reported for biliary phospholipid and cholesterol concentrations in the rat (33) . Liposomes were prepared at a 3:1 molar ratio (PC/cholesterol) and thus were presumably unsaturated with respect to cholesterol and potentially fatty acid (44) . This speculation, although not specifically investigated in the present report, may explain the significant decrease noted in jejunal apo B48 synthesis following lecithin-cholesterol liposome infusion since it may reflect net egress of mucosal lipid (44, 45 (46, 47) . At least two possible mechanisms exist for the restoration of apo B48 synthesis, related to each of the major lipolytic products of lumenal phospholipid hydrolysis. One possibility is that generation of fatty acid from lumenal phospholipid hydrolysis produces reexpression of apo B48 in a manner analogous to that observed following infusion of fatty acid alone. A second possibility is that reexpression of apo B48 synthesis, particularly in the distal small intestine, may be related to intracellular phospholipid reassembly. Evidence is available to support both possibilities. In favor of fatty acid generation being the operative mechanism is the observation of increased microsome triglyceride content without demonstrable alteration in microsome phospholipid content following lysolecithin infusion (Table I) . However an alternative possibility is that subtle changes in microsome phospholipid metabolism, not reflected by content measurements, may influence intestinal TG synthesis either by altering glycerolipid substrate availability or the conformation and activity of various microsomal enzymes of triglyceride assembly (48) . Evidence in support of lysolecithin and its directed reassembly into cellular phosphatidylcholine as being a key factor in mediating the restoration of apo B48 synthesis is somewhat less direct. Although the restoration of both jejunal and ileal apo B48 synthesis following 2 mM lysolecithin infusion is consistent with a potential role for intestinal phospholipid reassembly, other workers have suggested that lysolecithin may not be stoichiometrically reacylated to phosphatidylcholine (49) but rather undergoes degradation and thereby provides substrate for TG synthesis. Mucosal lipid extracts from animals infused with La[ l-'4C-dioleoyl]phosphatidylcholine-cholesterol liposomes were found to have over 98% of '4C counts from ileal mucosal extracts comigrate with phospholipid with 1.7±0.6% of the '4C counts comigrating with triglyceride on TLC. 80-84% of the phospholipid radioactivity was associated with phosphatidylcholine, the other major class being phosphatidylethanolamine (10-12%). Finally, the fatty acid distribution of microsome triglyceride revealed no relative enrichment in 16:0 species following 2 mM lysolecithin (predominantly palmitoyl) infusion (bile diverted 37.3±7.2%, sham 33.0±9.7% versus lysolecithin 25.5±5.1%). Thus a consensus of data suggests that the bulk of lumenal lysophospholipid appears destined for uptake and reacylation into lecithin and in this regard may be the preferred substrate (50-52). The integrated regulation of intestinal phospholipid metabolism and triglyceride-rich lipoprotein secretion has been proposed by other workers (41) but details of the mechanisms of phospholipid-enhanced intestinal triglyceride secretion are currently unknown.
The cumulative evidence suggests that biliary lipid flux may maintain threshold levels of microsomal triglyceride and facilitates maximal expression of intestinal apo B48 synthesis which is subsequently unaltered by further increases in cellular TG flux. A further conclusion of these studies is that the changes described in the synthesis rates ofintestinal apo B48, in vivo, were not accompanied by detectable changes in apo B mRNA abundance. The implication, yet to be proved, is that the observed alterations in apo B48 synthesis may reflect translational control mechanisms in the regulation ofintestinal apo B gene expression. This question is the focus of current investigation.
